Three experiments were conducted to determine the effect of reducing NE, by adding dietary fiber in Exp. 1 and 2 and decreasing dietary fat in Exp. 3, of low-CP, crystaline amino acid (CAA)-supplemented diets for finishing pigs on growth performance and carcass characteristics. In Exp. 1 and 2, 64 barrows (Exp. 1 ) or gilts (Exp. 2 ) were allotted to four treatments with four replicates of four pigs each. Average initial and final BW were 74 and 117 kg in Exp. 1 and 74 and 102 kg in Exp. 2. The following diets were fed in Exp. 1: 1 ) corn-soybean meal (C-SBM); 2 ) low-CP ( −3.5%), supplemented with CAA; 3 ) CAA + rice hulls (CAA+RH; NE equal to Diet 1); and 4 ) CAA+RH+OIL (NE equal to Diet 2). Experiment 2 was similar to Exp. 1, except RH were replaced with wheat middlings (WM), oil was replaced with dry fat, and the CP was decreased by 3.1% in the low-CP diets. In both experiments, serum urea-N (SUN, corrected for initial SUN by covariance analysis) was higher ( P < .10) for pigs fed C-SBM than for pigs fed any other diet. In Exp. 1, barrows fed CAA+RH had lower hot carcass weight, percentage muscle, fat-free lean (FFLEAN), lean gain per day, retained energy (RE) in FFLEAN, and lean:fat ratio than barrows fed C-SBM, along with less FFLEAN than barrows fed CAA+RH+OIL. Barrows fed CAA+RH had smaller longissimus muscle areas than barrows fed any other diet, and barrows fed C-SBM had higher dressing percentage and lower percentage total fat than barrows fed any other diet. Barrows fed C-SBM had higher lean:fat ratio and lower total fat than barrows fed CAA. In Exp. 2, gilts fed CAA+WM+FAT had heavier heart weights than gilts fed C-SBM or CAA ( P < .10). In Exp. 3, 702 gilts were allotted to six treatments with nine replicates of 13 gilts each. Average initial and final BW were 70 and 110 kg. Gilts were fed two levels of CP (15.5 or 11.7% plus CAA added to meet an ideal amino acid ratio) and three levels of NE (2,650, 2,617, or 2,584 kcal/kg), resulting in a 2 × 3 factorial arrangement of treatments. Gilts fed 15.5% CP had higher gain:feed ratio than gilts fed 11.7% CP ( P < .01). Longissimus depth was greater for gilts fed 15.5% CP than for gilts fed 11.7% CP and was decreased as NE decreased only in gilts fed 11.7% CP (CP effect, P < .09; NE linear effect, P < .04; CP × NE effect, P < .01). Gilts fed the diet with 2,617 kcal NE had lighter carcasses and less total fat, fat gain per day, RE, and RE as fat regardless of protein level than gilts fed 2,650 or 2,584 kcal NE/kg (NE quadratic, P < .09). Loin color score increased as NE decreased (linear, P < .06), but longissimus fat depth was increased by the lowest level of NE (NE quadratic effect, P < .09). Overall, the reduction of NE in low-CP, CAA-supplemented diets did not affect growth performance and was not an effective means of reducing fat in finishing pigs.
Introduction
Finishing pigs fed low-CP diets with crystalline amino acids ( CAA) added to meet the pig's amino acid requirements are fatter than pigs fed amino acids from intact protein sources (Noblet et al., 1987; Lewis, 1989; Schoenherr, 1992; Chewning et al., 1995; . The reason for the increased fatness is not known, but it may be due to an increased NE content of the low-CP diets. Pigs fed low-CP, amino acid-supplemented diets have reduced plasma urea nitrogen levels (Lopez et al., 1994; Miller et al., 1996) , which is indicative of a reduced need for deamination of excess amino acids (an energy-requiring process; Noblet et al., 1987) . In addition, pigs fed CAA-supplemented diets have a reduced pancreas weight (Ward and Southern, 1995) , which may indicate lower pancreatic activity and a lower energy requirement of these pigs. Thus, more energy may be available in the low-CP diets, resulting in greater fat deposition.
The inclusion of CAA, especially L-lysine·HCl, in pig diets is common because feed costs can be reduced by replacing a portion of the protein source with CAA. Therefore, a means of preventing increased backfat thickness when low-CP, CAA-supplemented diets are fed needs to be evaluated. One possibility is to decrease the NE content of diets by the inclusion of dietary fiber or by the removal of dietary fat.
Diets that contain dietary fiber have reduced backfat in pigs (Pond et al., 1988 (Pond et al., , 1989 . The effect of fiber in reducing backfat may not be a direct effect of fiber but an effect of fiber as it reduces the NE content of the diet (Baird et al., 1970) . Thus, fiber may dilute dietary energy and reduce backfat in pigs fed low-CP, CAA-supplemented diets.
The research reported herein was conducted to evaluate growth performance, carcass characteristics, and lean and fat deposition of pigs fed reduced-CP, CAA-supplemented diets with adjusted levels of dietary fiber or fat to produce equal or reduced dietary NE contents relative to pigs fed higher levels of CP.
Materials and Methods

Experiments 1 and 2
All experiments were approved by the University Animal Care and Use Committee. Two experiments were conducted to determine the effect of dietary fiber in low-CP, CAA-supplemented diets for late finishing pigs. Crossbred pigs (Yorkshire × Landrace × Hampshire) from the Louisiana State University ( LSU) Agricultural Center Swine Unit were used in each experiment. Pigs were housed in a curtain-sided building in 2.9-× 1.5-m pens with concrete slats the entire length of the pen. Feed and water were provided on an ad libitum basis throughout the experiments. Growth performance was evaluated by ADG, ADFI, and gain:feed ( GF) ratio.
Design. Sixty-four barrows (Exp. 1 ) or gilts (Exp.
2 ) were alloted to treatments on the basis of weight, with ancestry equalized across treatments. Pigs were allotted to four treatments with four replicates of four pigs per replicate in a randomized complete block ( RCB) design. The experimental periods lasted the following numbers of days: 64 (Exp. 1, Repl. 1 and 2), 55 (Exp. 1, Repl. 3 and 4), 46 (Exp. 2, Repl. 1, 2, and 3), or 31 (Exp. 2, Repl. 4). For Repl. 1 to 4, pigs had initial BW of 68, 72, 76, and 79 ( X = 74) Diets. Dietary lysine requirements of the finishing barrows (Exp. 1 ) and gilts (Exp. 2 ) from the LSU swine unit were .64 and .75%, respectively (Knowles et al., 1997a,b) . The diets in Exp. 1 were as follows (Table 1) : 1 ) corn-soybean meal ( C-SBM) ; 2 ) low-CP ( −3.5%), supplemented with CAA; 3 ) CAA + rice hulls ( CAA+RH; NE equal to Diet 1); and 4 ) CAA+RH+OIL (NE equal to Diet 2). In Exp. 2 (Table  2) , the diets were similar to those in Exp. 1, except RH were replaced with wheat middlings ( WM) , and OIL was replaced with FatPak ® 100. In Exp. 1, amino acid composition of RH was not considered in the diet formulation; however, in Exp. 2, WM were considered to provide amino acids, and the amino acid content of WM was, thus, considered in the diet formulation. Diets were formulated based on actual amino acid analyses of corn, soybean meal, and wheat middlings (Exp. 2). In addition, diets were formulated on a NE basis (Noblet et al., 1994a; equation 11) , which was based on actual analyses of feed ingredients for ether extract, ash, NDF, and ADF (AOAC, 1990), as well as starch (Thivend et al., 1972) . The nutrient composition of the ingredients used for the diets in Exp. 1 and 2 is shown in Table 3 . In each experiment, the low-CP, CAA-supplemented diets were formulated to meet or exceed an ideal amino acid ratio (Baker, 1994) for finishing pigs. All diets met the nutrient requirements of finishing pigs (NRC, 1988) .
Blood
Sampling. An initial blood sample was collected before treatment diets were fed in both experiments for serum urea-N ( SUN) determination. At the time when the initial blood sample was collected, pigs were fed corn-soybean meal diets formulated to contain .72% total lysine. Serum urea-N concentrations from these samples were used as covariates (Coma et al., 1995) for samples taken from each pig at the end of each feeding trial. Pigs were not held without feed before bleeding (Cai et al., 1994) . One blood sample on d 55 (Exp. 1 ) or d 28 (Exp. 2 ) was collected for final SUN determination. Blood was collected via the anterior vena cava. Serum was collected after centrifugation (1,600 × g) of the blood at 4°C for 20 min. Serum urea nitrogen concentrations were determined by methods described by Chaney and Marbach (1962) .
Organ Energy Expenditure. We were unable to find organ energy expenditures (kcal/g tissue) for pigs. Therefore, values were calculated for pigs fed C-SBM, and these calculations were used to estimate the energy expenditure per gram of tissue for all pigs. Organ energy expenditures for pigs fed C-SBM were calculated based on the total heat production (kcal/d) of each pig as estimated from final BW and metaboliz- able energy intake (Noblet et al., 1994b) . Then, based on a review of the literature, the portal-drained viscera (gastrointestinal tract, spleen, and pancreas), liver, heart, lungs, and kidneys were estimated to represent 22.5, 22.5, 10.0, 2.5, and 12.0% of total heat production (energy expenditure), respectively (Barcroft, 1947; Bard, 1961; Wade and Bishop, 1962; Forster, 1964; Milnor, 1968; Neutze et al., 1968; Smith and Baldwin, 1974; Canas et al., 1982; Thomson et al., 1995; Yen, 1997 
Experiment 3
This experiment was conducted to determine the effect of reduced dietary fat ( N E ) in low-CP, CAAsupplemented diets for finishing pigs. Gilts were housed in a commercial, double curtain-sided facility. Pens measured 3.91 × 2.44 m with solid concrete flooring in 40% of the pen and concrete slats in the remaining 60% of the pen. Feed and water were provided on an ad libitum basis throughout the experiment. Growth performance was evaluated by ADG, ADFI, and GF.
Design. Gilts ( n = 702) that resulted from the cross of Yorkshire × Landrace dams with Hampshire × Duroc sires were used. They were allotted to treatment on the basis of BW to six treatments with nine Diets. Gilts were fed diets formulated to contain two levels of CP (15.5 or 11.7%) and three levels of NE (2,650, 2,617, or 2,584 kcal/kg), resulting in a 2 × 3 factorial arrangement of treatments. Diets (Table 4 ) were formulated on a true digestible amino acid basis using digestibility values of Southern (1991) . The low-CP, CAA-supplemented diets met or exceeded an ideal amino acid ratio for finishing pigs (Baker and Chung, 1992) , except for total sulfur-containing amino acids ( TSAA) (TSAA/Lys = .55) and tryptophan (Trp/Lys = .18). Amino acid composition of corn and soybean meal were obtained from Kidd et al. (1996) . All diets were formulated on a NE basis in the same manner as in Exp. 1 and 2, and all diets met the nutrient requirements of finishing pigs (NRC, 1988) .
Carcass Characteristics (All Experiments)
Ten barrows (Exp. 1), seven gilts (Exp. 2), or nine gilts (Exp. 3 ) were slaughtered at the beginning of each experiment to obtain initial carcass composition data by methods similar to those described for finishing pigs. The initial carcass data were used to determine the rate of lean and fat accretion of the experimental pigs. These pigs were similar in ancestry, physical appearance, and initial weight (Exp. 1, 67 kg; Exp. 2, 70 kg; Exp. 3, 69 kg) to the pigs fed the experimental diets.
At the termination of Exp. 1 and 2, all (Exp. 1 ) or three pigs per replicate (Exp. 2, randomly selected) were slaughtered to obtain carcass data. Following exsanguination and evisceration, leaf fat and internal organs were removed and weighed. The small intestine was stripped of its contents, and the large Table 3 . Percentage composition of the ingredients on an as-fed basis, unless otherwise indicated Noblet et al., 1994a . Nutrients in the equation must be in the units of grams per kilogram of DM. The NE value used for cornstarch was 3,538 kcal/kg. The NE values for fat in Exp. 2 and 3 were 7,237 and 7,255 kcal/kg, respectively. The values for cornstarch and fat were calculated with the equation using analyzed values of starch and ether extract. The starch content of cornstarch was 99.8%, and the ether extract content of fat was 99.8% (Exp. 2) or 100.0% (Exp. 3). The NE content of the soybean oil used in Exp. 1 was 6,163 kcal/kg DM. This value was calculated by using Ewan's (1995) ME value in equation 6 of Noblet et al. (1994a; 6,163 = [.870 × 7,592 intestine and stomach were rinsed. Hot carcass weight ( HCW) was determined immediately after slaughter. Following a 24-h chill at 2°C, psoas muscle weight, 10th-rib fat thickness ( TRF) , longissimus muscle area ( LMA, by tracing the longissimus muscle surface at the 10th rib), and carcass length were obtained.
Percentage muscle was calculated according to the NPPC (1991) equation for ribbed carcasses containing 5% fat when carcass weight is not held constant. At the termination of Exp. 3, all gilts were slaughtered at a commercial facility. The left side of three carcasses per pen were randomly selected and sent to the LSU Meat Laboratory for the collection of carcass data. Because 27 carcasses were unidentifiable upon arrival at LSU, not all pens are repsented by three carcasses. Cold carcass side weight ( CCW) ; psoas muscle weight; LMA; TRF; and loin color, firmness, and marbling score (NPPC, 1991) were obtained. In addition, untrimmed longissimus weight, trimmed longissimus weight, and untrimmed ham weight were obtained from one pig per pen. Percentage muscle (NPPC, 1991) was calculated in the same manner as in Exp. 1 and 2.
The carcasses remaining at the commercial plant were weighed hot, and a Fat-O-Meater (SFK Technology A/S, Herlev, Denmark) was used to determine longissimus muscle depth and longissimus fat depth at the 10th rib. Estimated percentage lean was obtained using these measurements (equation proprietary). For these data, the individual pig was the experimental unit. Treatment identity was maintained by shipping pigs from each treatment separately, but pen identity was lost. All pigs were shipped on the same day.
For all experiments, fat-free lean ( FFLEAN) and total fat ( TOFAT) were obtained by total body electrical conductivity ( TOBEC) methods (Calkins et al., 1993; Higbie, 1997) . The FFLEAN and TOFAT were calculated based on data from Higbie (1997) . The equations used to calculate FFLEAN and TOFAT contain the response variables that best predict either FFLEAN or TOFAT. Cold (following a 24-h chill at 2°C ) side-carcass TOBEC scans were used to obtain FFLEAN and TOFAT. The FFLEAN was calculated as (ARC, 1981) . The amount of protein in FFLEAN was estimated to be 20.22%, and the amount of ether-extractable lipid in TOFAT was estimated to be 73.31% (Higbie, 1997) ; these values are similar to those of Johnson et al. (1990a,b) .
Statistical Analysis
Data from each experiment were analyzed by analysis of variance procedures (Steel and Torrie, 1980) appropriate for RCB. In Exp. 1 and 2, means were separated by the least significant difference procedure. Individual pig final BW was used as a covariate for leaf fat weight, psoas muscle weight, TRF, LMA, carcass length, and organ weights for each pig. The individual initial SUN was used as a covariate for the final SUN for each pig. Treatment × replication was the error term used to test the effect of treatment; thus, pen of pigs was the experimental unit for the analysis of all data. The data of Exp. 3 were analyzed as a 2 × 3 factorial. The main effects of NE and protein source were evaluated, as well as the linear and quadratic effects of NE and all possible interactions. The pen of pigs was the experimental unit for all data, except that individual gilt data were used for the carcass data collected at the commercial facility.
Results
Experiment 1
There were no treatment effects ( P > .10) for ADG, ADFI, GF, or final BW (Table 5) . Barrows fed C-SBM had higher ( P < .10) final SUN than barrows fed any other diet.
Barrows fed CAA+RH had lower HCW ( P < .10) than barrows fed C-SBM or CAA+RH+OIL, as well as Table 6 . Carcass characteristics, lean and fat accretion, and energy retention of finishing pigs fed low-crude protein, crystalline amino acid-supplemented diets with added dietary fiber (Exp. 1) ab a C-SBM = corn-soybean meal; CAA = crystalline amino acid; CAA+RH = CAA and rice hulls; CAA+RH+OIL = CAA, RH, and oil. Data are means of four replicates of four barrows each. Initial and final BW were 74 and 117 kg, respectively. Final BW was used as a covariate for leaf fat weight, psoas muscle weight, TRF, LMA, carcass length, and organ weights. Percentage muscle was calculated according to NPPC (1991) . HCW = hot carcass weight; DP = dressing percentage; TRF = 10th-rib fat thickness; LMA = longissimus muscle area; PM = percentage muscle; FFLEAN = final fat-free lean; PFFLEAN = percentage fat-free lean; LGD = lean gain per day; TOFAT = final total fat; PTOFAT = percentage total fat; FGD = fat gain per day; RE-P = retained energy in FFLEAN as protein; RE-F = retained energy in TOFAT as etherextractable lipid; RE = total retained energy (RE-P + RE-F).
b Initial FFLEAN = 28.6 kg; initial TOFAT = 11.4 kg; initial carcass energy in initial FFLEAN smaller LMA ( P < .10) than barrows fed any other diet (Table 6 ). Also, barrows fed CAA+RH had a lower ( P < .10) percentage muscle than barrows fed C-SBM. Barrows fed C-SBM had higher dressing percentage than barrows fed any other diet ( P < .10).
There were no treatment effects ( P > .10) for leaf fat weight, psoas muscle weight, or TRF. Barrows fed CAA+RH had less FFLEAN ( P < .10) than barrows fed C-SBM or CAA+RH+OIL. Furthermore, barrows fed CAA or CAA+RH had lower ( P < Table 7 . Organ weights and energy expenditures of finishing pigs fed low-crude protein, crystalline amino acid-supplemented diets with added dietary fiber (Exp. 1) a a C-SBM = corn-soybean meal; CAA = crystalline amino acid; CAA+RH = CAA and rice hulls; CAA+RH+OIL = CAA, RH, and oil. Data are means of four replicates of four barrows each, except empty gut weights and PDV energy expenditures, which are means of four replicates of three barrows each. Initial and final BW were 74 and 117 kg, respectively. PDV = portal-drained viscera (gastrointestinal tract, spleen, and pancreas).
b,c Within a row, means lacking a common superscript letter differ ( P < .10). .10) lean gain per day ( LGD) and RE-P than barrows fed C-SBM (Table 6 ). Barrows fed C-SBM had a lower ( P < .10) TOFAT than barrows fed CAA, a lower ( P < .10) PTOFAT than barrows fed any other diet, and a higher ( P < .10) lean:fat ratio than barrows fed CAA or CAA+RH. There were no treatment effects ( P > .10) for PFFLEAN, fat gain per day ( FGD) , RE-F, or retained energy (RE; RE-P + RE-F). Treatment effects were not observed for weights or energy expenditures of heart, liver, lungs, pancreas, spleen, or empty gut (Table 7) . Kidney weights were smaller ( P < .10) for barrows fed CAA+RH than for barrows fed CAA+RH+OIL; however, energy expenditure of the kidney was not affected by treatment.
Experiment 2
There were no treatment effects ( P > .10) for ADG, ADFI, GF, or final BW (Table 8) . Gilts fed C-SBM had higher ( P < .10) final SUN than gilts fed any other diet.
There were no treatment effects ( P > .10) for HCW, leaf fat weight, psoas muscle weight, TRF, LMA, percentage muscle, carcass length, or dressing percentage (Table 9) . Furthermore, there were no treatment effects ( P > .10) for lean and fat composition of the carcass. Gilts fed CAA+WM+FAT had heavier ( P < .10) heart weights than gilts fed C-SBM or CAA, as well as a higher energy expenditure of the heart than Table 9 . Carcass characteristics, lean and fat accretion, and energy retention of finishing pigs fed low-crude protein, crystalline amino acid-supplemented diets with added dietary fiber (Exp. 2) ab a C-SBM = corn-soybean meal; CAA = crystalline amino acid; CAA+WM = CAA and wheat middlings; CAA+WM+FAT = CAA, WM, and dry fat. Data are means of four replicates of three gilts each. Initial and final BW were 74 and 102 kg, respectively. Final BW was used as a covariate for leaf fat weight, psoas muscle weight, carcass length, average backfat, and organ weights. Percentage muscle was calculated according to NPPC (1991) . HCW = hot carcass weight; DP = dressing percentage; TRF = 10th-rib fat thickness; LMA = longissimus muscle area; PM = percentage muscle; FFLEAN = final fat-free lean; PFFLEAN = percentage fat-free lean; LGD = lean gain per day; TOFAT = final total fat; PTOFAT = percentage total fat; FGD = fat gain per day; RE-P = retained energy in FFLEAN as protein; RE-F = retained energy in TOFAT as ether-extractable lipid; RE = total retained energy (RE-P + RE-F). pigs fed any other diet (Table 10) . However, there were no treatment effects ( P > .10) for weights or energy expenditures of liver, lungs, pancreas, spleen, kidney, or empty gut.
Experiment 3
Gilts fed 15.5% CP had higher ( P < .01) GF than gilts fed 11.7% CP (Table 11 ). There were no CP or NE effects ( P > .10) for ADG, ADFI, or final BW. Gilts fed the diet with 2,617-kcal NE had lighter carcasses regardless of protein level than gilts fed 2,650 or 2,584 kcal NE/kg (NE quadratic, P < .09). In addition, there were no CP or NE effects ( P > .10) observed for psoas weight, TRF, LMA, PM, untrimmed longissimus weight, trimmed longissimus weight, untrimmed ham weight, or loin firmness and marbling score (Table  12) . Loin color score increased as NE decreased (linear, P < .06). There were no CP or NE effects ( P > .10) observed for FFLEAN, PFFLEAN, LGD, PTOFAT, RE-P, lean:fat, HLEAN, PHLEAN, HTOFAT, or PHTOFAT (Table 13) . However, TOFAT, FGD, RE-F, and RE were lower in gilts fed the diet with 2,617 kcal than in gilts fed 2,650 or 2,584 kcal NE/kg regardless of protein level (NE quadratic, P < .07).
For the carcass data obtained at a commercial facility (Table 14) , gilts fed 15.5% CP had greater ( P < .09) longissimus depth than gilts fed 11.7% CP. Also, there was a CP × NE interaction ( P < .01) present for longissimus depth, which decreased as NE decreased for gilts fed only the 11.7% CP (linear, P < .04). Longissimus fat depth was increased by the lowest level of NE (NE quadratic effect, P < .09).
Discussion
Research has been conducted to determine the effect of reducing the CP content of growing and(or) finishing pig diets and supplementing these diets with CAA to meet the pig's requirements or to meet ideal amino acid ratios. Growing and(or) finishing pigs have been fed diets reduced by 2 to 3 percentage units of CP and supplemented with amino acids without affecting growth performance (Easter and Baker, Table 10 . Organ weights and energy expenditures of finishing pigs fed low-crude protein, crystalline amino acid-supplemented diets with added dietary fiber (Exp. 2) a a C-SBM = corn-soybean meal; CAA = crystalline amino acid; CAA+WM = CAA and wheat middlings; CAA+WM+FAT = CAA, WM, and dry fat. Data are means of four replicates of three gilts each. Initial and final BW were 74 and 102 kg, respectively. PDV = portal drained viscera (gastrointestinal tract, spleen, and pancreas).
b,c Within a row, means lacking a common superscript letter differ ( P < .10). 1980; Kerr et al., 1983; Fuller et al., 1984; Noblet et al., 1987; Tuitoek et al., 1997b) . In contrast, Kerr et al. (1983) observed a reduced growth rate in growingfinishing pigs fed a diet reduced in CP (2.5%) and supplemented only with lysine. Discrepancy also exists in the literature when finishing pig diets are reduced by ≥3 or more percentage units of CP. Stahly et al. (1981) reported that growth performance of growing-finishing pigs was not affected when diets were reduced in CP by 3 to 4 percentage units and supplemented with lysine to meet a pig's requirement. Lopez et al. (1994) , Hahn et al. (1995) , and also reported no adverse effect on growth performance of pigs fed diets reduced in CP content by 3 to 4 percentage units and supplemented with amino acids to meet an ideal amino acid ratio. In contrast, ADG and feed efficiency were decreased in pigs fed diets reduced by 4 (Tuitoek et al., 1997b) or 5 (Yu et al., 1991) percentage units of CP with CAA added to meet an ideal amino acid ratio. Thus, the growth response of growing-finishing pigs fed reduced-CP, CAA-supplemented diets may vary in response to the level of CP reduction in the diet, the amino acids supplemented to the diet, and the means by which amino acids are supplemented.
In our data, the growth performance of pigs fed low-CP, CAA-supplemented diets (with or without reduced NE) was similar to that of pigs fed C-SBM diets in Exp. 1 and 2. However, in Exp. 3, GF was reduced when pigs were fed low-CP, CAA-supplemented diets. Thus, our data and the data in the literature suggest that low-CP diets supplemented with amino acids have variable effects on growth performance. In most instances, however, growth performance was not affected by the low-CP diets.
Carcass characteristics and composition of finishing pigs fed reduced CP, CAA-supplemented diets also vary within the literature. Easter and Baker (1980) , Kerr et al. (1983) , and Noblet et al. (1987) reported no adverse effects for fatness traits when pigs were fed diets reduced in CP by 2 to 2.5 percentage units and supplemented only with lysine. However, Fuller et al. (1984) reported a tendency for increased backfat thickness for growing pigs fed diets reduced by 3 percentage units of CP with only lysine added. Kerr et al. (1995) and reported increased backfat and TRF in finishing pigs fed diets Table 12 . Carcass characteristics of finishing pigs fed two levels of CP and three levels of NE (Exp. 3) a a Data are means of nine replicates of one, two, or three gilts each per treatment. The longissimus muscle and ham weight data are the mean of nine replicates of one gilt each. Initial and final BW were 70 and 110 kg, respectively. Percentage muscle was calculated according to NPPC (1991) . CCW = cold carcass side weight; TRF = 10th-rib fat thickness; LMA = longissimus muscle area; PM = percentage muscle.
b NE quadratic effect ( P < .09). c NE linear effect ( P < .06). Table 13 . Lean and fat accretion and energy retention of finishing pigs fed two levels of CP and three levels of NE (Exp. c NE quadratic effect ( P < .07). reduced in CP by 3.5 to 5 percentage units with amino acids supplemented to obtain the levels in the control diet (i.e., the diet without reduced CP). Tuitoek et al. (1997b; 4% CP) and Yu et al. (1991; 5% CP) observed increased fat content in the carcass and increased backfat, respectively, in finishing pigs fed reduced-CP diets with amino acids added to meet an ideal amino acid ratio. However, Lopez et al. (1994) and Hahn et al. (1995) reported no effect on fat traits of pigs fed reduced-CP (3.5 to 4%) diets supplemented with CAA to meet an ideal amino acid ratio. In our data, fat traits, with the exception of TOFAT, PTOFAT, and lean:fat in Exp. 1, were not affected by a reduction in CP level in the diet, which is in agreement with the findings of Hahn et al. (1995) and Lopez et al. (1994) . In three reports in which fat traits were not affected by low-protein diets (Exp. 2 and 3 of our data; Lopez et al., 1994; and Hahn et al., 1995) , amino acids were added to the diets to meet an ideal amino acid pattern. Tuitoek et al. (1997b; 4% CP) and Yu et al. (1991; 5% CP) , however, added amino acids to meet an ideal amino acid pattern and observed increased fatness. The latter data differed from the previous three reports in that there was a greater reduction of CP in the diets (Yu et al., 1991) or the CAA were added to meet a different ratio of amino acids (Tuitoek et al., 1997a) . Thus, finishing pig diets reduced by 3.5 to 4 percentage units of CP with CAA supplemented to meet an ideal amino acid ratio similar to that proposed by Baker (1994) may not have increased carcass fat. It is important to note that in Exp. 1 of our data, TOFAT, PTOFAT, and lean:fat were higher in pigs fed CAA, and TRF and FGD were numerically higher.
The increased fatness in pigs fed low-CP, CAAsupplemented diets may be affected by gender. Our data (Exp. 1 ) suggest, and data of and indicate an increased fatness in barrows fed low-CP, CAA-supplemented diets. However, our data (Exp. 2 and 3), and the data of Lopez et al. (1994; 4% CP) indicated no effect of low-CP, CAA-supplemented diets on carcass fatness in gilts. Tuitoek et al. (1997a; 4% CP) reported trends for increased fatness in gilts, and Chewning et al. (1995) reported increased fatness in gilts fed low-CP, CAA-supplemented diets. Also, for barrow and gilt data combined, increased fatness was not reported by Easter and Baker (1980;  2.5% CP) and Hahn et al. (1995;  3.5% CP), whereas increased fatness or a trend for increased fatness was reported by Stahly et al. (1981; 4 .2% CP), Fuller et al. (1984; 3% CP) , Schoenherr (1992; 4% CP), and Cromwell et al. (1996; 4% CP) .
Our data suggest that muscling traits and lean composition of the carcasses are not affected by low-CP diets, and this is in agreement with the findings of Noblet et al. (1987) , Chewning et al. (1995) , Hahn et al. (1995) , , Miller et al. (1996) , and Tuitoek et al. (1997a) . Generally, muscling traits have not been affected (or reduced) in finishing pigs fed low-CP, CAA-supplemented diets. Even though percentage composition of the carcass may be affected, muscle weights are not usually affected by reduced dietary CP, provided the proper indispensable amino acids are supplemented. However, Kerr et al. (1983) reported a reduced LMA in pigs fed diets reduced in CP by 2 to 2.5 percentage units.
Serum urea-N concentration was reduced in pigs fed low-CP, CAA-supplemented diets in Exp. 1 and 2. Lopez et al. (1994) , , Ward and Southern (1995) , and Miller et al. (1996) all have reported reduced urea-N concentrations in pigs fed low-CP, CAA-supplemented diets compared with pigs fed diets in which amino acids were provided entirely from intact protein. This reduction in SUN concentration indicates that the quantity of excess dietary amino acids is lower. Also, pigs fed these low-CP, CAA-supplemented diets should utilize dietary protein more efficiently than pigs fed diets with all the dietary protein from intact sources (i.e., excretion of less excess dispensable amino acid nitrogen relative to nitrogen intake). Therefore, these pigs should excrete less nitrogen, which in turn will result in less nitrogen as an environmental pollutant, especially when pigs are produced in confined and concentrated conditions. This concept is supported by a review of the literature (Kerr, 1995) suggesting that nitrogen excretion can be reduced by approximately 8.4% for each one percentage unit reduction in CP.
In Exp. 1 and 2, the inclusion of a source of dietary fiber did not reduce fatness of pigs, which is not in agreement with the results of Pond et al. (1988 Pond et al. ( , 1989 and Baird et al. (1970) . Pond et al. (1988 Pond et al. ( , 1989 included a fiber source at 40 to 80% of the diet and Baird et al. (1970) included a fiber source at 13 to 31% of the diet, and, in these reports, gain and feed efficiency were reduced by the inclusion of dietary fiber. In the experiments reported herein, gain, feed efficiency, and fat were not affected by the inclusion of 3 to 4% dietary fiber. Therefore, the inclusion rate of dietary fiber was probably too low to elicit the energydiluting effect of fiber. Furthermore, in Exp. 1, the pigs fed CAA+RH had lower HCW, LMA, PM, DP, FFLEAN, LGD, RE-p, and lean:fat ratio than pigs fed C-SBM. These results were not expected because Taverner (1975) and King and Taverner (1975) did not report detrimental effects of 8 to 17% RH in the diet.
Weights of organs were not affected by dietary treatment (except Exp. 1, kidney; Exp. 2, heart). The weight of visceral organs has been reported to be directly related to heat production (Ferrell, 1988) ; thus, as the weight of visceral organs increases, the animal's heat production also increases. Koong et al. (1982 Koong et al. ( , 1983 Koong et al. ( , 1985 have reported that animals on a high plane of nutrition have heavier weights of organs and a higher heat production than animals on a low plane of nutrition. Consequently, pigs that have higher heat production should have less energy available for fat synthesis (Lopez et al., 1994) . Kerr et al. (1987) reported that pigs fed low-CP, CAAsupplemented diets had lower heat production than pigs fed high-CP diets, and, thus, pigs fed low-CP, CAA-supplemented diets should have more energy available for fat synthesis. Noblet et al. (1987) reported a similar trend. observed reduced liver and kidney weights (for pigs fed low-CP, CAA-supplemented diets), which indicates that more energy may be available for the animal to synthesize fat. Noblet et al. (1987) also observed reduced total organ weight (stomach, intestine, bladder, heart, lungs, liver, spleen, and kidneys) in pigs on low-CP, CAA-supplemented diets. Therefore, as reflected by the lack of treatment effects for fat deposition (Exp. 2), organ weights, or organ energy expenditures, pigs fed CAA in Exp. 1 and 2 may have had similar heat production as pigs fed C-SBM. These results were not expected and are in disagreement with previous reports in the literature (Kerr et al., 1987 Noblet et al., 1987) . We have no explanation for this discrepancy between our organ weight data and the data of and Noblet et al. (1987) . Our estimate of energy expenditure is based on organ weights and energy retained in the carcass. Kerr et al. (1987) and Noblet et al. (1987) estimated heat production by indirect calorimetry. This difference in methods of estimating heat production may be partially responsible for the difference in results.
In Exp. 1 and 2, pancreas weight was numerically decreased in pigs fed the low-CP, CAA-supplemented diets. Pancreas weight was reduced ( P < .10) in gilts fed low-CP, CAA-supplemented diets in Exp. 2, as determined by single degree of freedom contrast. Ward and Southern (1995) also reported reduced pancreas weights in pigs fed low-CP, CAA-supplemented diets; this was probably due to reduced pancreatic activity. The reduced pancreas weight may indicate a lower energy requirement of the pancreas and, ultimately, may be a contributing factor to reducing the energy requirement of pigs.
Varying the NE content of the diets had little effect on growth or carcass traits of pigs in our research, with one exception. In Exp. 3, CCW, TOFAT, FGD, RE, and RE-F were lower in pigs fed the intermediate level of NE (2,617 kcal) than in pigs fed 2,650 or 2,584 kcal NE. This effect was observed regardless of CP level in the diet and thus represents 18 replicates of three pigs each. This response is difficult to explain, but it may have occurred because this diet provided the optimum level of NE relative to amino acids and that deviations from this optimum resulted in fatter pigs.
Overall, finishing pigs fed low-CP, CAA-supplemented diets that met an ideal amino acid ratio had gain and carcass composition similar to those of pigs fed diets in which all amino acids were provided from an intact protein source.
Implications
In these experiments, the reduction of net energy (either by dietary fiber addition or dietary fat removal) in low-crude protein, crystalline amino acidsupplemented diets had minimal effects on growth performance, carcass characteristics, organ weights, and organ energy expeditures of finishing pigs. In addition, the source of amino acids (intact protein vs crystalline amino acids) had minimal effects on growth performance or carcass characteristics. Therefore, finishing pigs can be fed low-crude protein (reduced by 3.1 to 3.5%), crystalline amino acidsupplemented diets without affecting growth performance or carcass traits. However, additional research needs to be conducted to determine the conditions present when increased fatness seems to occur (level of crude protein reduction, method of amino acid supplementation, or, possibly, gender).
